TEMPO STA is based on traditional most probable number technique and is a test for use with the TEMPO system for an automated enumeration of coagulase-positive staphylococci in 24 h in food products. In this study, TEMPO STA was compared with Baird-Parker (BP) agar which is the most cited medium in reference methods for the enumeration of coagulase-positive staphylococci in cheese. A method comparisons study was conducted both artificially and naturally contaminated cheese samples. Pearson correlation coefficients were determined as 0.875 and 0.897 between the two methods for naturally and artificially contaminated samples, respectively. In general, absolute differences did not exceed one log between results obtained by the two methods. According to intra-laboratory reproducibility standard deviation of two methods, TEMPO STA was more precise than BP agar. The results of this study showed that TEMPO STA is an efficient alternative method for the enumeration of coagulase-positive staphylococci in cheese.
Introduction
Several mass outbreaks of food-borne diseases especially related to dairy products showed that food-borne disease outbreaks have become an important risk for public health (Greig and Ravel 2009; Tauxe et al., 2010) . The burden of foodborne diseases on the economy is also substantial (Scharff et al., 2009) . In spite of the increase in the number of food companies that implemented the HACCP system, the incidence of food-borne diseases in many development countries is increasing especially due to the increase in production and distribution capabilities of the food industry (WHO, 2003) .
Staphylococcal food poisoning is one of the most common food-borne diseases throughout the world resulting from the consumption of foods containing sufficient amounts of preformed staphylococcal enterotoxins by enterotoxigenic strains of coagulase-positive staphylococci (CPS). It is mainly concerned with Staphylococcus aureus, but also with S. intermedius and certain strains of S. hyicus (Balaban and Rasooly, 2000; Le Loir et al., 2003; Argudin et al., 2010) . For S. aureus strains, there is a high correlation (93% to 100%) between coagulase production and the production of enterotoxins (Martin and Myers, 1994) .
Although the Baird-Parker (BP) agar was first introduced in 1962 by Baird-Parker (Baird-Parker, 1962) , this medium is still widely used by food microbiology laboratories, especially official laboratories, for enumeration of CPS. First part of the current ISO standard (ISO, 1999) describes the use of BP agar for enumeration of CPS in foods with the plate count technique. A further confirmation step is necessary to detect coagulase activity in BP agar method. The selectivity of the BP agar is due to lithium chloride and potassium tellurite solution, suppressing growth of organisms other than staphylococci. The differentiation of CPS is performed by potassium tellurite and egg yolk emulsion supplements (Zangerl and Asperger, 2003) .
Increasing concerns about food-borne diseases linked to pathogens in foods accelerated the efforts to develop rapid methodologies for microbiological analyses of foods. Among recently developed rapid methodologies in food microbiology, the TEMPO system attracts much attention due to automation. The TEMPO system (bioMérieux, Marcyl l'Etoile, with BPB in order to obtain the required cell count levels for artificial contamination. Dilutions were held at 4℃ for 24 h before appropriate dilutions were selected for use as inocula.
For artificial contamination, two inoculation levels of S. aureus were selected. Each sample was sub-sampled as four portions of 25 g. The first two portions of samples were inoculated at different contamination levels of S. aureus, the third portion was inoculated with low contamination level of non-target microorganisms and the fourth served as an uninoculated control sample. Target inoculation ranges for contamination were 10 2 − 10 3 cfu/g (low level) and 10 3 − 10 4 cfu/g (high level). Appropriate volumes of dilutions of inocula were blended with 25 g samples. Contaminated cheese samples were held at 4℃ for two weeks before the analyses to allow for the stabilization of organism and to demonstrate the realistic sample condition.
Sample preparation Twenty five grams of samples were homogenized with 225 mL Maximum Recovery Diluent (MRD, Merck) in the specific TEMPO filter bag using a stomacher (IUL, Spain) and analyzed with both methods. Samples were studied as duplicate by different analysts with both the TEMPO STA and BP agar methods and the arithmetic mean of duplicate determinations results was taken as the final result for statistical analyses.
BP agar method Additional ten-fold dilutions were made by MRD (Merck) up to 10 -3 . Totally 1 ml of initial suspension and dilutions were surface plated on three plates of BP agar (Merck) supplemented Egg-yolk Tellurite Emulsion (Merck). After incubation at 37℃ for 48 h, as possible as 5 typical colonies on plates were selected for confirmation. Typical CPS colonies on BP agar are black or grey, shining and convex and are surrounded by a clear zone which may be partially opaque. Besides typical colonies, grey or free of clear zone atypical colonies were also considered as CPS suspect (ISO, 1999) . For confirmation purpose, coagulase test was performed with latex agglutination test (Staphaurex, Remel, Lenexa, USA). The enumeration range of method was from 10 to 1.5 × 10 5 cfu/g.
TEMPO method
One milliliter aliquots of the primary dilutions of samples were transferred to TEMPO STA medium vials which were previously reconstituted with 3 mL of sterile distilled water to achieve a final volume of 4 mL. The 4 mL of inoculated medium obtained corresponds to a 1/40 dilution of the sample. These dilutions were automatically transferred to the card containing 48 wells of three sizes (16 × 225 µL, 16× 22.5 µL, 16 × 2.25 µL) by the TEMPO Filler. The total volume of the card is larger than the volume of diluted sample. Thus, gaseous headspaces were formed in each filled well. These headspaces ensured that the contents France), based on traditional microbiology, is an automated most probable number (MPN) method. TEMPO STA is intended for use exclusively with the TEMPO system for the enumeration of CPS in 24 − 27 h in food products, with no need for confirmation. TEMPO STA test consists of a card and a vial of specific culture medium. The inoculated medium with food sample suspension is transferred by the TEM-PO Filler into the card that contains three sets of 16 wells (small, medium and large wells) with one log difference in volume for each set of wells and then incubated for 24 − 27 h. During incubation, CPS present in the card assimilate the nutrients in the culture medium, resulting in a decrease in pH and the extinction of the fluorescent signal which is detected by the TEMPO Reader. Depending on the number and type of the fluorescent signal positive wells, the TEMPO system calculates the number of CPS in the sample according to a calculation based on the MPN method (Anonymous, 2009 ).
This study was undertaken to compare TEMPO STA with BP agar method for enumeration of CPS in both naturally and artificially contaminated cheese samples. Additionally intermediate precision of both methods was evaluated.
Materials and Methods
Samples For the method comparison, results obtained from both naturally (132) and artificially contaminated (40) cheese samples were used. A total of 172 samples used in this study were obtained from different retail outlets in the Konya region of Turkey.
Naturally contaminated samples included cream cheese (31), Tulum cheese (33), white cheese (33) and Kashar cheese (35). Tulum cheese and Kashar cheese, commonly produced in Turkey, are traditional Turkish dairy products.
Samples used in artificial contamination were determined as CPS-negative by both methods before using the artificial contamination protocol described below. Artificially contaminated samples included cream cheese (20) and white cheese (20) .
Artificial contamination S. aureus ATCC 25923 strain was used for artificial contamination of samples. Additionally, samples were inoculated with three non-target microorganisms: S. epidermis (ATCC 12228), Proteus mirabilis (ATCC 12453) and Escherichia coli (ATCC 25922) . Stock cultures of microorganisms were stored in Brain Heart Infusion broth (Merck, Darmstadt, Germany) supplemented with 20% glycerol at −18℃ and prior to use were retrieved onto Plate Count Agar (PCA, Merck, Darmstadt, Germany). Inocula were prepared by resuspending washed cells from an overnight culture in Butterfield's Phosphate Buffer (BPB). Cell counts of inocula were determined by the plate count technique on PCA and were adjusted by a dilution technique
Results
Naturally contaminated samples The logarithmic differences between the results obtained from the same sample by the two methods did not exceed 0.83 (log 10 unit) for overall samples and 89% of these logarithmic difference values were below 0.50 (log 10 unit). The Pearson correlation coefficient was determined as 0.875 between the two methods and regression analysis yielded the following equation: log10 TEMPO STA = 0.641 + 0.813 log 10 BP agar for overall naturally contaminated samples (Figure 1) . The SR values of BP agar and TEMPO STA, obtained from overall naturally contaminated samples, were calculated as 0.163 log 10 cfu/g and 0.124 log 10 cfu/g, respectively (Table 1) .
Artificially contaminated samples The logarithmic differences between the results obtained from the same sample by the two methods did not exceed 0.54 (log 10 unit) for overall samples and 98% of these logarithmic difference values were below 0.50 (log 10 unit). The Pearson correlation coefficient was determined as 0.897 between the two methods and regression analysis yielded the following equation: log 10 TEMPO STA = 0.386 + 0.889 log 10 BP agar for overall artificially contaminated samples (Figure 2) . The S R values of BP agar and TEMPO STA, obtained from overall artificially contaminated samples, were calculated as 0.140 log 10 cfu/g and 0.116 log 10 cfu/g, respectively (Table 1) .
Discussion
Milk and dairy products are frequently contaminated with enterotoxigenic CPS, which is often involved in staphylococcal food poisoning (De Buyser et al., 2001; Morandi et al., of the wells were kept separate from each other. As soon as filling was completed, the transfer tube of the cards was hermetically cut and the cards were sealed. After 24 h of incubation at 37℃, readings were automatically performed by the TEMPO Reader. Once readings were completed, the results were automatically analyzed by the system software which determined which wells were positive. The number of positive wells obtained, in relation to the volume of the wells and the dilution of the samples, provided the enumeration results in cfu per gram for the original samples, using the MPN tables (Anonymous, 2009 ).The enumeration range of one TEMPO card was from 10 to 4.9 × 10 4 cfu/g.
Evaluation of intermediate precision Precision of both methods was evaluated by intra-laboratory reproducibility standard deviation. Samples were studied as duplicate by two analysts with both methods and the intra-laboratory reproducibility standard deviation (S R ) was calculated by (ISO, 1994; ISO, 2006 ) the equation given below:
where a is the logarithmic result of the first analyst, b is the logarithmic result of the second analyst and n is number of samples.
Statistical analysis All results were converted to the logarithmic form. Results were subjected to Pearson correlation coefficient and linear regression analysis. All statistical analyses were performed by MiniTab statistical software (Version 12.1, Minitab Inc, State College, USA). as the discrepancy in CCFRA method evaluation guideline (CCFRA, 2001) . The Pearson correlation coefficients were determined as 0.875 and 0.896 for naturally and artificially contaminated samples, respectively. These values can be ranked as good in method comparison studies according to correlation ranking index described by Ferrati et al. (2005) . Similarly in the study of Katase and Tsumura (2011) , a remarkable correlation (r = 0.96) was determined between TEMPO STA and mannitol salt agar in artificially contaminated processed soy products.
In this study, TEMPO STA gave negative results (< 10 cfu/g) for cheese samples which were artificially contaminated with non-target microorganism strains. These negative results, though obtained from limited non-target microorganism strains, suggested that TEMPO STA can give reliable results in terms of specificity. In the AFNOR validation study 2007). For this reason, CPS is a common microbiological criteria for cheese in food safety regulations.
In this study, the TEMPO STA which is intended for enumeration of CPS in 24 h in foods (Anonymous, 2009 ) was compared to BP agar which is the most cited medium in reference methods for CPS enumeration in food microbiology (Baird and Lee, 1995; Fedio et al., 2008) . Although the primer validation study of TEMPO STA was performed by both AOAC Research Institute (AOAC, 2009) and AFNOR (AFNOR, 2010), results of additional method evaluation studies performed by TEMPO users can offer valuable information to food laboratories.
The results of two methods obtained from overall cheese samples showed that there was good correlation and no discrepancy between the two methods. The difference higher than log 10 1.0 between results of two methods is regarded 2009). Owen et al. (2010) reported that false positive results or abnormal counts obtained with the TEMPO system from the initial suspension of highly colored food samples such as chocolate milk. Results of this study showed that matrix of cheese samples studied did not cause interference on fluorescent signal.
In conclusion, the lack of significant differences and the good correlation coefficient between the results obtained with the two methods demonstrated that TEMPO STA is a reliable automated and rapid alternative method for the enumeration of CPS in cheese. In addition, S R values of the two methods suggested that TEMPO STA can produce precise results thanks to MPN based methodology and automation. TEMPO STA allows minimum 24 h saving in comparison with the BP agar method. Moreover, TEMPO STA provides very significant saving in labour especially when large numbers of samples are processed, by eliminating the need for media preparation, serial dilution and confirmation.
of TEMPO STA, no false positive result was observed for 24 non-CPS strains.
The regression equations and higher mean counts obtained by TEMPO STA compared to BP agar from overall samples verified the recovery advantage of the MPN technique which stimulates stressed bacteria cells owing to the liquid medium. This result was consistent with our previous study dealing with the comparison of the TEMPO EC and TBX medium. Although the MPN technique offers better growth conditions for microorganisms when compared to the plate count technique, (Raybaudi et al., 2005; Owen et al., 2010) it is labour and material intensive. The TEMPO system minimizes these disadvantages of the MPN technique by miniaturized tube design and automation.
As a precision indicator, intra-laboratory reproducibility can be satisfactorily evaluated for quantitative food microbiological analyses with duplicate counts (Torlak, 2008) . In food microbiology, major method independent variation source on precision of results is non-uniform distribution of microorganisms between sub-samples or test portions (HPA, 2005; ISO, 2006) . In this study, duplicate determinations were initiated from the same initial suspension of samples. Thus, S R values were not included in the variation effect originating from sub-sampling stage and precision of methods evaluated with mainly methodological imprecision and analyst-based variations.
The S R value of BP agar was found to be higher than S R value of TEMPO STA for overall samples. MPN-based methodologies give more precise results than plate count technique based methods especially low contamination levels. In the plate count technique, precision decreases as the number of colonies decreases. The number of miniaturized tubes in the TEMPO card increase enumeration ranges and the precision of results compared to a traditional MPN technique . Zitz et al. (2011) reported that miniaturized tube design (3 × 16 tubes) of the TEMPO system significantly improved precision of results compared to the traditional three tubes design of the MPN technique. The lack of a confirmation step offers another advantage in favor of TEMPO STA in terms of precision, because the rate of confirmed/selected colonies in the confirmation step creates a significant effect on variations of results in the plate count technique based on such methods as BP agar (HPA, 2005) . Additionally, automation in TEMPO STA method which helps reduce manipulation minimizes analyst-based variations.
According to manufacturer, TEMPO STA has a limitation for highly colored samples. Fluorescent signal may be affected if the primary dilution is strongly colored (Anonymous, 
